Pancreatic carcinoma (PCa) is a highly invasive and lethal malignant disease. It is the fourth leading cause of cancer deaths in the United States, and the overall 5-year survival rate for this disease from 2004 to 2010 was 7%[@b1]. Due to the aggressive nature of PCa, more than 80% of patients are already at an advanced stage when diagnosed with pancreatic cancer, present with local invasion or distant metastasis and are not eligible for surgical removal[@b2]. Even when complete surgical excision can be performed, the overall 5-year survival rate after surgery remains below 20%[@b3][@b4].

B7-H3, a newly discovered member of the B7 family, including its soluble form, sB7-H3, was discovered by Zhang *et al*.[@b5] and plays a crucial role in the T-cell-mediated immune response[@b6]. It is widely expressed in many human organs and cells in the human body at the RNA level, whereas its protein expression is relatively limited. In recent decades, research on membrane-bound B7-H3 (mB7-H3), has revealed an abnormally high expression of mB7-H3 in a wide variety of human tumor tissues, which is closely correlated with an unfavorable progression and a poor prognosis for cancer patients, implying that the mB7-H3 expression level can be used as a tumor biomarker[@b7][@b8]. However, although the mechanism by which B7-H3 affects tumor progression is not clear, some studies have discovered B7-H3-mediated mechanisms of resistance to anti-cancer drugs, such as paclitaxel and gemcitabine, that act partly through the Jak2/Stat3 pathway and involve increased levels of Mcl-1 and survivin proteins[@b9][@b10]. Other studies have shown that B7-H3 promotes the expression of IL-8, VEGF and matrix metalloproteinases (MMPs) in the tumoral microenvironment[@b11][@b12][@b13]. However, the exact nature of the interaction between B7-H3 and cytokines is not understood.

NF-κB is a crucial transcription factor that plays a key role in innate and adaptive immunity. Recent research has documented that the constitutive activation of NF-κB is associated with tumorigenesis, invasion and metastasis in human carcinomas[@b14][@b15].

A pro-tumorigenic relationship between NF-κB and stat3[@b16] has been demonstrated, in which stat3 induces constitutive NF-κB activity in tumors to promote chemoresistance and tumorigenesis. In addition, NF-κB signaling increases the expression of IL-8, VEGF and MMPs in the tumor microenvironment[@b17][@b18]. Whether a correlation also exists between B7-H3 and NF-κB that facilitates cancer progression requires further investigation. In the present study, we provide evidence that sB7-H3 increases the activity of NF-κB in a TLR4-dependent manner, which promotes PCa cell invasion and metastasis *in vitro* and *in vivo*.

Results
=======

B7-H3-positive human pancreatic cells can release sB7-H3
--------------------------------------------------------

To determine the expression of B7-H3 in pancreatic cells, RT-PCR and Western blot analyses were used to detect B7-H3 in four different types of human pancreatic cancer cells ([Fig. 1a](#f1){ref-type="fig"},b). To determine whether sB7-H3 was released from pancreatic cells, the cells (1 × 10^5^) were seeded into 6-well plates and cultured for various periods of time, and the cell-free supernatants were tested for the cytokine sB7-H3 ([Fig. 1c](#f1){ref-type="fig"}). Based on the ELISA analysis ([Table 1](#t1){ref-type="table"}), the levels of sB7-H3 detected in the supernatants from the cultures of Aspc-1, Bxpc-3, Sw1990 and Panc-1 cells varied, and the sB7-H3 levels increased with increasing incubation time. The above findings suggest that B7-H3-positive pancreatic cells can release sB7-H3, which is consistent with the findings of Zhang *et al*. and is an important premise for our study.

SB7-H3 induces the metastasis and invasion of pancreatic carcinoma cell lines
-----------------------------------------------------------------------------

To study whether sB7-H3 could induce the metastasis and invasion of PCa cells, four PCa cell lines were tested using fluorescence-based scratch wound healing and Matrigel invasion assays in the presence or absence of sB7-H3 (10 μg/ml) for 48 hours. The motility and invasion of Aspc-1 cells were increased significantly with sB7-H3 treatment. Similar results were also observed in Sw1990, Bxpc-3 and Panc-1cells, although the effects were not as obvious as those observed in Aspc-1 cells ([Fig. 2a](#f2){ref-type="fig"},b). Taken together, these results suggest that sB7-H3 can increase PCa cell migration and invasion *in vitro*.

SB7-H3-induced increase in NF-κB activity may depend on TLR4 in PCa cells
-------------------------------------------------------------------------

To investigate whether sB7-H3 has an impact on the activity of NF-κB in PCa cells, NF-κB activation was induced by sB7-H3 in four PCa cell lines and assessed with a dual-luciferase reporter assay system ([Fig. 3a](#f3){ref-type="fig"}). As shown in the figure, sB7-H3 significantly increased NF-κB transcriptional activity in the PCa cells. The most significant increase was observed in Aspc-1 cells, whereas Sw1990 cells showed the least enhancement. These findings are consistent with the invasion assay and scratch wound healing assay results. Therefore, we chose Aspc-1 cells, the most invasive cell line, for further experimentation. To explore the mechanism between NF-κB activation and sB7-H3, we used TAK-242, a chemical agent that effectively blocks the TLR4 signaling pathway and inhibits TLR4-mediated cellular events. After the addition of TAK-242 to the culture medium in varying concentrations, NF-κB activation induced by sB7-H3 was assessed in Aspc-1 cells. The results show that 1 μM TAK-242 has no obvious impact on NF-κB activation. In contrast, 5 μM TAK-242 significantly decreased NF-κB activation. To further investigate the correlation between sB7-H3 and TLR4, we used RT-PCR and Western blot analyses to detect the expression of TLR4 after induction with sB7-H3 ([Fig. 3b](#f3){ref-type="fig"},c). As shown by the experimental results, the expression of TLR4 mRNA and protein increased after the treatment of Aspc-1 cells with sB7-H3. These results indicate that the sB7-H3-induced cell invasion and metastasis in PCa cells could be TLR4-dependent.

SB7-H3 up-regulates the activation of NF-κB through TLR4 in pancreatic cancer cells
-----------------------------------------------------------------------------------

To further determine whether TLR4 mediates sB7-H3-induced NF-κB activity, stable TLR4 knock-down lines were established in Aspc-1 cells, and the knock-down efficiency was measured via RT-PCR and Western blot analyses ([Fig. 4a](#f4){ref-type="fig"},b). TLR4 expression was efficiently knocked down in Aspc-1 cells transfected with shTLR4 compared with its expression in cells transfected with control shRNA. Immunofluorescence was used to observe the activation of NF-κB p65 ([Fig. 4c](#f4){ref-type="fig"}), and there was no nuclear staining of the NF-κB p65 subunit. After the addition of sB7-H3, the nuclear staining of NF-κB p65 was significantly increased in Aspc-1-LV-NC cells. In contrast, the staining of NF-κB p65 was unaffected by sB7-H3 in Aspc-1-LV-shTLR4 cells.

In addition, EMSAs were performed using nuclear protein extracts to test NF-κB binding activity ([Fig. 4d](#f4){ref-type="fig"}). According to the results, NF-κB DNA-binding activity was clearly increased in the presence of sB7-H3 in Aspc-1-LV-NC cells, whereas it was significantly decreased in the TLR4 knock-down Aspc-1 cells. These results are in accordance with the immunofluorescence results. Furthermore, NF-κB activation was assessed with a dual-luciferase reporter system after the NF-κB reporter was transiently transfected into Aspc-1 cells. SB7-H3 was shown to increase NF-κB activity in a TLR4-dependent manner ([Fig. 4e](#f4){ref-type="fig"}), which is consistent with the results of the immunofluorescence and EMSA analyses. The results described above suggest that the expression of TLR4 plays an important role in the constitutive and sB7-H3-mediated NF-κB activity in pancreatic cancer cells.

SB7-H3 promotes the expression of VEGF and IL-8 through the TLR4/NF-κB pathway
------------------------------------------------------------------------------

Constitutive NF-kB activation increases the expression of IL-8 and VEGF, which in turn play important roles in tumor metastasis and the aggressive, biological characteristics of human pancreatic cancer[@b19]. To determine whether the TLR4/NF-κB signaling pathway is involved in sB7-H3-mediated VEGF and IL-8 induction, Aspc-1, Aspc-1-LV-NC and Aspc-1-LV-shTLR4 cells were exposed to sB7-H3 for 48 h, with BAY 11-7082 being added to the medium to inhibit NF-κB activity in Aspc-1-LV-NC cells at the same time as sB7-H3. First, the inhibition efficiency of BAY 11-7028 on NF-κB activity was assessed using an NF-κB-Luc reporter vector. BAY 11--7082 (10 μM) showed potent inhibitory effects on the activation of NF-κB in Aspc-1-LV-NC cells ([Fig. 5a](#f5){ref-type="fig"}). Next, IL-8 and VEGF protein levels in the culture supernatants from Aspc-1 cells were assessed with ELISA kits. The expression levels of IL-8 and VEGF were dramatically increased after induction with sB7-H3, whereas the protein expression levels were significantly decreased in Aspc-1-LV-shTLR4 cells compared with their expression in Aspc-1-LV-NC cells. The protein levels were also dramatically reduced after inhibition with BAY 11-7028 in Aspc-1-LV-NC cells ([Fig. 5b](#f5){ref-type="fig"},c). These results strongly suggest the involvement of the TLR4/NF-κB pathway in the secretion of IL-8 and VEGF induced by sB7-H3 in PCa cells. This provides further evidence that sB7-H3 promotes the invasion and metastasis of pancreatic carcinoma cells via an increased expression of IL-8 and VEGF.

To determine whether the inhibition of IL-8 and VEGF secretion via the TLR4/NF-κB pathway can suppress sB7-H3-mediated tumor metastasis in PCa cells, we performed *in vivo* experiments using a mouse model of spontaneous human pancreatic cancer lung metastasis. The Aspc-1-LV-shTLR4 and Aspc-1-LV-NC cells induced with sB7-H3 were resuspended in PBS and injected into the tail veins of mice. Six weeks after the injection, all the mice were sacrificed, and their lungs were removed to analyze the metastatic nodules ([Fig. 5d](#f5){ref-type="fig"}). The lungs of the mice were obtained and stained with HE to determine whether the nodules were metastatic lung cancer. The number of lung metastatic nodules from mice injected with sB7-H3-induced Aspc-1-LV-NC cells was significantly greater than that found in mice injected with sB7-H3-induced Aspc-1-LV-shTLR4 cells ([Fig. 5e](#f5){ref-type="fig"}). These results provide further evidence that sB7-H3 promotes the invasion and metastasis of pancreatic carcinoma cells through the TLR4/NF-κB pathway.

Discussion
==========

SB7-H3 is a soluble form of B7-H3 that is released by monocytes, activated T cells, DCs and B7-H3-positive tumor cells[@b5]. In the present study, we confirmed previous results using pancreatic cancer cell lines. To study the relationship between sB7-H3 and NF-κB, we selected four different PCa cell lines (Aspc-1, Bxpc-3, Sw1990, and Panc-1) and carefully assessed the direct effects of sB7-H3 on the invasion and migration of these cells. We demonstrated that sB7-H3 could enhance the invasive and migratory potential of PCa cells through the NF-κB pathway. Further studies suggested that sB7-H3 could activate the NF-κB signaling pathway via a TLR4-dependent mechanism in PCa cells.

NF-κB activity is important for immune system function, whereas inappropriate NF-κB activation can induce an inflammatory reaction and tumorigenesis. Increasing evidence suggests that constitutive NF-κB activity plays a major role in the progression of malignant tumors capable of tissue invasion and metastasis[@b20]. In this study, we demonstrated that NF-κB activity was up-regulated by sB7-H3 in PCa cells and that increased NF-κB activity may account for the positive correlation between B7-H3-positive tumors and malignant tumorigenesis[@b21]. In addition, NF-κB regulated numerous gene products, including IL-8 and VEGF, which have been proven to promote tumor invasion and migration by inducing angiogenesis[@b22]. Previous studies have indicated that B7-H3 is expressed in a high proportion of tumor-related vascular endothelial cells, which is associated with adverse pathological features and poor clinical outcomes[@b23][@b24]. According to our research, the expression of IL-8 and VEGF was up-regulated through the TLR4/NF-κB pathway in the presence of sB7-H3 in PCa cells, which suggests that sB7-H3 facilitates the formation of nascent blood vessels by increasing the expression of IL-8 and VEGF. Furthermore, our research suggests that sB7-H3 might play an important role in inducing tumor angiogenesis in PCa, which might represent a potential underlying mechanism for the relationship between B7-H3-positive tumor cells and tumor-related vasculature.

NF-κB is constitutively active in pancreatic carcinoma cells, including cells from tissue samples and in cell lines, which leads to increased proliferation and decreased apoptosis. Some of the underlying mechanisms behind constitutive NF-κB activation in cancer have been well described[@b25], and crosstalk between NF-κB and stat3 in cancer has been increasingly studied[@b16]. Growing evidence has shown that constitutive NF-κB activity requires stat3 in tumor cells[@b26], including pancreatic carcinoma cells[@b27]. Considering the results of a previous study showing that mB7-H3 can up-regulate stat3 together with our results suggests that B7-H3 can not only increase stat3 expression but can also activate NF-κB, which could maintain constitutive NF-κB activity in pancreatic tumors. However, whether mB7-H3-induced stat3 expression and sB7-H3-induced NF-κB activation, occur simultaneously or in a step-wise fashion requires further investigation.

TLR4 is over expressed in malignant tumors and tumor-infiltrating immune cells. TLR4 activation may trigger local and systemic inflammation, creating a regenerative tumor microenvironment favoring local recurrence and metastasis[@b28]. Our work reveals that sB7-H3 up-regulates the expression of TLR4 and that TLR4 signaling is involved in sB7-H3-induced NF-κB activation. To further confirm the sB7-H3-mediated effects, we repeated our experiments *in vitro* in TLR4-deficient PCa cells and *in vivo* in TLR4-deficient mice. The results were consistent with our preliminary findings in PCa cells. These experiments clearly indicate that TLR4/NF-κB signaling is essential for the sB7-H3-promoted progression of pancreatic cancer.

In summary, our study is the first to prove that the sB7-H3-induced invasion and metastasis of PCa cells occurs through the TLR4/NF-κB signaling pathway. Compared with previous reports focusing on the cellular signaling of mB7-H3, our experimental results show that sB7-H3 activates an alternative signal transduction pathway that leads to the malignant progression of pancreatic cancer. In addition, we found that sB7-H3 induces the expression of VEGF and IL-8, providing more evidence for the sB7-H3-induced invasion and metastasis of pancreatic carcinoma cells through the TLR4/NF-κB pathway. Furthermore, the potential angiogenic effects of sB7-H3 may be an early and vital molecular event in tumorigenesis, which could be adapted for use as a biological marker to predict the malignant progression of pancreatic cancer.

Materials and Methods
=====================

Reagents and antibodies
-----------------------

RPMI 1640 medium, DMEM (Dulbecco's Modified Eagle Medium), fetal bovine serum (FBS), and a 0.02% ethylenediaminetetraacetic acid (EDTA) solution were obtained from Invitrogen (Gibco BRL, Grand Island, NY, USA). The human B7-H3 antibody, recombinant human B7-H3 protein, human B7-H3 ELISA kit, and the IL-8 and VEGF immunoassay ELISA kits were purchased from R&D Systems (Minneapolis, MN, USA). The PGL4.32 (Luc2p/NF-κB-RE/Hygro) luciferase reporter vector, the PRL-TK vector dual-luciferase reporter assay system and the FuGENE 6 Transfection Reagent were purchased from Promega (Madison, WI, USA). The anti-TLR4 and anti-NF-κB p65 antibodies were obtained from Abcam (Cambridge, UK), the NF-kB inhibitor BAY11-7028 was obtained from Sigma (St. Louis, MO, USA), and the TLR4 inhibitor TAK-242 was purchased from InvivoGen (San Diego, CA, USA).

Cells and cell cultures
-----------------------

The human pancreatic cancer (PCa) cell lines Aspc-1, Bxpc-3, Sw1990, and Panc-1 were purchased from the Chinese Academy of Science Cell Bank. The Panc-1 cells were cultured in DMEM, and the other cells were cultured in RPMI 1640 medium. All media were supplemented with 10% FBS. Cells were maintained at 37 °C and 5% CO~2~ in a humidified atmosphere. For the recombinant human B7-H3 treatment, the cells were treated with 10 μg/ml for 24, 48, or 72 hours. For TLR4 signal inhibition, varying concentrations of TAK-242(1 μM, 5 μM, or 10 μM) were added to the cell culture medium for 24 hours. For the NF-κB inhibition, BAY11-7028 (10 μM) was added to the cell culture medium at the same time as sB7-H3 for 48 hours.

To further confirm our results, stable TLR4 knock-down cell lines were established. Lentiviral vectors encoding the green fluorescent protein (GFP) sequence containing shRNA specific to TLR4 (LV-shTLR4) and a non-targeted control shRNA (LV-NC) were constructed by Shanghai Genechem Co. (Shanghai, China), and the lentiviruses were titered to 5 × 10^9^ TU/ml. Stable shRNA-silenced lines were established in Aspc-1cells using lentiviral vectors according to the manufacturer's instructions. Briefly, LV-shTLR4 and LV-NC, each at a multiplicity of infection (MOI) of 50, were transfected into cells (2 × 10^4^) in 12-well plates with 5 μg/ml of Polybrene. The sequence of the TLR4 shRNA used in this study is as follows: 5′-AACCCGGAGGCCATTATGCTA-3′.

Scratch wound healing and Transwell assays
------------------------------------------

For the scratch wound healing assay, cells (50 × 10^4^) were seeded into 6-well plates and incubated overnight. The monolayer was then scraped with a sterile 10 μl pipet tip when the cells reached 90% confluence, and photographs of three regions per scratch were taken at 0 and 48 hours under a phase-contrast microscope. The experiments were carried out in triplicate and representative images were analyzed using ImageJ software. For the Transwell assay, approximately 5 × 10^4^ cells in 200 μl of serum-free DMEM medium were seeded into the upper chambers containing pores coated with 200 μg/ml of Matrigel (BD, USA), and 500 μl of DMEM containing 10% FBS was added into the lower chamber as a chemoattractant. After incubation at 37 °C in 5% CO~2~ atmospheric conditions for 48 hours, the cells were rinsed with PBS, fixed in 4% formaldehyde for 30 minutes and stained with crystal violet dye. The cells on the upper surface of the chambers were removed, and the number of cells that invaded through the pores was counted in 5 random fields at 200x magnification under a microscope (Olympus, Tokyo). The data were then statistically analyzed.

Transient transfection and luciferase assays
--------------------------------------------

Cells (1 × 10^5^) were plated in 6-well plates overnight prior to transfection. Then, the cells were co-transfected with 2 μg of the NF-κB-luc reporter construct and 0.1 μg of the renilla luciferase-expression plasmid using 6 μl of FuGENE 6. At 48-hours post-transfection, the cells were treated with sB7-H3, TAK-242 or BAY11-7028 and then lysed, and the activities of firefly and renilla luciferases were assessed using a dual-luciferase reporter assay system. All the experiments were performed in triplicate.

Immunofluorescence
------------------

Approximately 2 × 10^4^ cells were seeded onto a 24-well dish. After treatment, the cells were washed three times with PBS, fixed in 4% cold paraformaldehyde for 20 minutes, and incubated in TritonX-100 in PBS for 10 minutes. Next, the cells were blocked in 10% goat serum and then incubated overnight at 4 °C with a rabbit anti-rabbit NF-κB p65 antibody. After being washed with PBS, the cells were incubated with a secondary antibody for 2 hours at room temperature in the dark. Finally, the cells were photographed under a fluorescence microscope after being stained with DAPI/PI for 5 minutes.

RT-PCR
------

RT-PCR was used to measure the B7-H3 mRNA levels in four pancreatic cancer cell lines and the TLR4 mRNA levels after transfection with shTLR4. Total RNA was extracted using TRIzol reagent, first strand cDNA was synthesized from 0.5 μg of RNA using a cDNA Reverse Transcription kit, and real-time PCR analysis was carried out with a PCR kit according to the manufacturer's protocols. The two kits were purchased from Takara Bio Inc. (Shigo, Japan). The mRNA levels of the target gene were normalized to control values of GAPDH. The sequence for the human B7-H3, TLR4 and GAPDH primers used in real-time PCR were as follows: B7-H3 forward primer: 5′-GTGGGGCTGTCTGTCTGTCTCAT-3′, reverse primer: 5′-GCTGTCAGAGTGTTTCAGAGGCT-3′; TLR4 forward primer: 5′-CTGCAATGGATCAAGGACCA-3′, reverse primer: 5′-TTATCTGAAGGTGTTGCACATTCC-3′; GAPDH forward primer: 5′-GTCACCAGGGCTGCTTTTAACTC-3′, reverse primer: 5′-CAGCATCGCCCCACTTGATTTTG-3′.

Western blotting
----------------

Cells (1 × 10^4^) were seeded into 6-well plates in 2 ml of medium and cultured overnight. Then, the cells received various treatments for 48 or 72 hours. After the treatment, the cells were washed three times with PBS and lysed with 160 μl of lysis buffer containing 1% protease and phosphatase inhibitors and PMSF for 30 minutes on ice. Then, the cell lysates were centrifuged at 12,000 × *g* for 20 minutes at 4 °C to remove un-dissolved impurities, and the supernatants were collected. In addition, nuclear protein extracts were prepared using the Thermo scientific NE-PEP kit (Thermo Pierce, USA) according to manufacturer's protocol. Briefly, after trypsinization and centrifugation, the cells were washed with PBS and suspended in a cytoplasmic extraction reagent. Then, after centrifugation for 5 minutes at 16,000 × *g*, the supernatant was removed and resuspended in nuclear extraction reagent. The nuclear extracts were obtained after another centrifugation for 10 minutes, and then the extracts were kept frozen at −80 °C until analyzed. Protein content was determined with a protein assay kit (Pierce Biotechnology). Next, 10--30 μg of protein was separated using SDS-PAGE (10%) and transferred onto PVDF membranes(Pierce Biotechnology), and then, the PVDF membranes were blocked in 5% not-fat milk for 1 hour at room temperature and incubated with a primary antibody against TLR4 diluted in a primary antibody dilution buffer (Beyotime Suzhou China) overnight at 4 °C. The membranes were then washed three times with 1xTBST and incubated with a secondary antibody for 1 hour. Finally, the membranes were treated with ECL detection reagents and exposed to X-ray film to detect the protein bands.

EMSA
----

To provide evidence that NF-κB was constitutively activated in the PCa cells, an EMSA was performed with nuclear extracts from cells treated with B7-H3 using the LightShift Chemiluminescent EMSA kit (Thermo Pierce USA) following the manufacturer's instructions. Briefly, double-stranded oligonucleotide NF-κB probes with a biotin 3′-end-labeling sequence (5′-AGTTGAGGGGACTTTCCCAGGC-3′)were added to the reaction mixture. Each binding reaction mixture consisted of 10x binding buffer (2 μl), 20 fmol biotin end-labeled target DNA (2 μl), nuclear extract (5 μg), poly(dI:dc) (1 μl), and ddH~2~O (13 μl). The binding reaction was carried out at room temperature for 20 minutes, and then, 2 μl of the 10x binding buffer was added and samples were electrophoresed through polyacrylamide gels and transferred to a nylon membrane for 30 minutes at 380 mA. Next, DNAs were cross-linked to the membrane under anultraviolet lamp for 10 minutes. The biotin-labeled DNA was exposed to X-ray film after being incubated in the substrate working solution for 5 minutes.

ELISA
-----

To measure the levels of cytokines (sB7-H3, IL-8, and VEGF) in the supernatants, we used three ELISA kits from R&D Systems according to the manufacturer's instructions. Briefly, cell-free supernatants were immediately centrifuged and then transferred to a 96-well plate. After being incubated for 2 h at room temperature, every well was washed four times, and 200 μl of conjugate was added and incubated for another 2 hours at room temperature. Next, 200 μl of substrate solution was added into each well and incubated for 20--30 minutes in the dark. Then, the color was developed by adding a stop solution, and the absorbance was measured at 450/540 nm.

Animals
-------

8- to 10-wk-old C~3~H/HeJ mice were purchased from the Animal Experimental Center of Wuhan University. The mice were bred in aseptic specific-pathogen-free (SPF) conditions with a constant humidity and temperature (25--28 °C) in the University Biological Services Unit. All animal experiments were performed according to the Guidelines set forth by the Chinese National Institutes of Health and followed the protocols approved by the Ethical Committee on Animal Experiments of the Huazhong University of Science and Technology, Wuhan, China. After stimulation with sB7-H3 for 48 hours *in vitro*, Aspc-1 (LV-shTLR4 or control) cells (1 × 10^6^) suspended in 50 μl of PBS were injected into the caudal veins of mice (2 groups, 6 mice per group). Six weeks after the injection of the cells, all the mice were sacrificed, and their lungs were harvested and stained with HE to determine the number of metastatic lung nodules.

Statistical analysis
--------------------

SPSS software version 20.0 (SPSS, Chicago, IL, USA) was used for the statistical analyses. All the data are presented as the mean ± the standard error of the mean (SEM) and analyzed using Student's t-tests or one-way ANOVAs followed the Student-Newman-Keuls (SNK) tests. Values of p that were less than 0.05 were considered to be statistically significant.
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![Detection of mB7-H3 and sB7-H3 in PCa cells.\
(**a,b**) RT-PCR and Western blot analysis for B7-H3 expressed in PCa cells. (**c**) ELISA analysis for sB7-H3 released from PCa cells at various times.](srep27528-f1){#f1}

![Metastasis and invasion of PCa cell lines in response to sB7-H3.\
(**a**) The wound healing assay was performed to detect the migration of Aspc-1, Bxpc-3, Sw1990 and Panc-1 cells in response to sB7-H3. The PCa cells were exposed to sB7-H3 (10 μg/ml) for 48 hours after infected by lentivirus with green fluorescent protein (GFP). Representative photographs of wound healing at 0 and 48 hours are shown and the percentage of wound area remaining 48 hours after wounding relative to 0 hour of wounding are quantified (\*P \< 0.05). (**b**) The Transwell assay was used to determine the invasiveness of PCa cells. The cells were treated with or without sB7-H3 (10 μg/ml) for 48 hours and then incubated in the upper chamber in serum-free medium for 48 hours, while 5% FBS was added into the lower chamber. The cells that invaded through the chamber were quantified (\*P \< 0.05).](srep27528-f2){#f2}

![sB7-H3-augmented NF-κB activation may rely on TLR4 in PCa cells.\
(**a**) A dual-luciferase assay was performed to determine the activity of NF-κB. PCa cells were cotransfected with the NF-κB promoter luciferase and renilla luciferase expression plasmids for 48 hours and further stimulated with or without sB7-H3 (10 μg/ml) for 24 hours (\*P \< 0.05). (**b**) NF-κB activity was determined using a dual-luciferase reporter assay system in the presence of TAK-242 and sB7-H3. Aspc-1 cells were cotransfected with firefly and Renilla luciferase reporter constructs for 48 hours and further incubated in medium with or without sB7-H3 (10 μg/ml) and TAK-242 (1 μM, 5 μM, or 10 μM) (\*P \< 0.05). (**c**,**d**) RT-PCR and Western blot analyses were used to evaluate TLR4 expression in the Aspc-1 cells induced with sB7-H3 (\*P \< 0.05).](srep27528-f3){#f3}

![sB7-H3-induced increases in NF-κB activity may depend on TLR4.\
(**a,b**) RT-PCR and Western blot analyses were used to evaluate the efficiency of TLR4 knock-down in Aspc-1 cells (\*P \< 0.05). (**c**) The Transwell assay was used to determine the invasiveness of Aspc-1-LV-NC cells and Aspc-1-LV-shTLR4 cells treated with or without sB7-H3 (10 μg/ml) for 48 hours (\*P \< 0.05). (**d**) Immunofluorescence was used to detect the activation of NF-κB p65 in Aspc-1-LV-NC cells and Aspc-1-LV-shTLR4 cells treated with or without sB7-H3 (10 μg/ml) for 24 hours. In the images, the nuclei are stained blue, and NF-κB p65 is stained red. (**e**) NF-κB binding activity assayed via EMSA in Aspc-1-LV-NC and Aspc-1-LV-shTLR4 cells treated with or without sB7-H3 for 72 hours. (**f** ) NF-κB activity was assayed using a dual-luciferase reporter assay. Aspc-1, Aspc-1-LV-NC and Aspc-1-LV-shTLR4 cells were cotransfected with the NF-κB luciferase and Renilla reporters. Forty-eight hours later, the cells were treated with or withouts B7-H3 for 24 hours and were then analyzed and assayed using a dual-luciferase reporter assay system (\*P \< 0.05).](srep27528-f4){#f4}

![sB7-H3 increased the expression of VEGF and IL-8 through the TLR4/NF-κB signaling pathway.\
(**a**) Inhibitory effect of BAY 11-7028 on NF-κB activity was assessed with the NF-κB- luciferase reporter vector in Aspc-1-LV-NC cells (\*P \< 0.05). (**b,c**) The expression levels of IL-8 and VEGF in culture supernatants from Aspc-1 cells under varying conditions after 48 hours were assessed with ELISA kits (\*P \< 0.05). (**d**) Resected metastatic lung tissue samples from mice injected with Aspc-1-LV-NC and Aspc-1-LV-TLR4 cells induced with sB7-H3. The sites of the tumors are marked with arrows. (**e**) Representative lung tissues from the mice were removed and analyzed with HE staining (100×). The total number of metastatic nodules in the lungs were counted (\*P \< 0.05).](srep27528-f5){#f5}

###### Cellular supernatant sB7-H3 content in four PCa cells (pg/ml).

                 24 h             48 h              72 h                                           
  -------- ---------------- ----------------- ---------------- ------------------ ---------------- ------------------
  Aspc-1    137.41 ± 14.47   (75.14--199.68)   306.83 ± 15.63   (239.58--374.07)   426.45 ± 14.66   (363.35--489.54)
  Bxpc-3     52.47 ± 5.78    (27.58--77.36)    163.72 ± 7.83    (130.03--197.41)   207.07 ± 11.19   (158.93--255.33)
  Sw1990     50.92 ± 6.62    (22.42--79.42)    113.46 ± 9.81    (71.24--155.69)    158.15 ± 11.69   (107.85--208.46)
  Panc-1     91.32 ± 5.56    (67.42--115.23)   229.05 ± 9.32    (188.95--269.15)   480.99 ± 22.34   (384.87--577.11)

[^1]: These authors contributed equally to this work.
